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(54) UTANE HYDROCRACKING CATALYST AND ITS PRODUCTION 

(57) Abstract: 

PRO LEM TO E SOLVED: To obtain a butane hydrocracking catalyst having high 
activity and good selectivity by depositing platinum on a synthetic smectite 
having a specified chemical composition and property. 
SOLUTION: A synthetic smectite expressed by a general formula, 
((Si02)8. (M02/3)8. (OH) 2/3a+b) b-. bX+ (wherein, M is Mg, Co, etc. ; X is a 
hydrogen ion or an univalent alkali ion; 0<a<10 and 0<b<l) and having 
100-800m2/g specific surface area, 2-8nm average fine pore diameter. As a 
carrier 0. 1-0. 8cm3/g fine pore volume and 0.1-1.2 milli eluivalent/g cation 
exchange capacity is used as a carrier. The carrier is made by hydrothermal 
reaction by using sodium silicate and the corapd. of Mg, Co, etc., as a starting 
material. Then a platinum compd. -containing aq. soln. is impregnated to this 
carrier to absorb a platinum precursor, then the platinum is deposited by 
executing hydrogen reduction and activating treatment. In this way, the butane 
hydrocracking catalyst having high activity and selectivity is obtained. 
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* NOTICES * 

Japan Patent Office is not x^^^^nsible for any 
damages caused by the use of^^s translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 




DETAILED DESCRIPTION 



Petailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the new object for butane 
hydrocracking and a new catalyst, its manufacture method, and the operation of the catalyst. If it says in 
more detail, this invention offers the catalyst for butane hydrocracking which has high activity and good 
selectivity, and relates to the method of hydrocracking butane efficiently using this. 
[0002] 

[Description of the Prior Art] Rapid progress of the chemical industry in recent years, petroleum-refining 
industry, etc. has contributed to development of catalyst industry greatly. Generally from an industrial 
catalyst, catalytic activity and selectivity are required, and many catalysts are used in many cases as a metal 
support catalyst which the front face of the support which has a big specific surface area was made to 
support active ingredients, such as a little metal, and was acquired, in order to give the activity with which 
are satisfied of practicality. 

[0003] In this metal support catalyst, as support used industrially, there are a silica, an alumina, a titania, a 
magnesia, a zirconia, activated carbon, etc., for example, and the thing which mixed the natural article at 
synthetic support or synthetic support at almost all catalysts since the structure of a front face or pore was 
limited is used. On the other hand, as a metal to support, platinum, palladium, nickel, cobalt, etc. are 

suitably used according to the purpose of use, for example. 

[0004] [(November, Showa 49) with difficult in many cases although it is a technical problem how it is 
made to high-distribute in each support by making it face that each above-mentioned support supports these 
metals in order to acquire the metal support catalyst of high activity making it usually high-distribute, for 
example, the Shirasaki quantity ** and the "catalyst manufacture" Kodansha publication edited by Naoyuki 
Todo, --] . 

[0005] By the way, it is although it is known that the synthetic smectite obtained by the hydrothermal 
crystallization method shows a sharp pore distribution in a meso pore field by using a bivalent metal ion 
and a bivalent sodium silicate as a start raw material, specific surface area is large, and it is promising as a 
catalyst support (JP,6-305724,A). There is no example used for the reaction [ **** / as support / actually ] 
in this synthetic smectite until now, and the catalyst which made this support a metal is not known, either. 
[0006] 

[Problem(s) to be Solved by the Invention] this invention offers the catalyst which has the high activity and 
good selectivity which is made to high-distribute platinum and changes, using the aforementioned synthetic 
smectite as support, and is made for the purpose of hydrocracking butane using this thing. 
[0007] 

[Means for Solving the Problem] The catalyst which made this support platinum has high activity and good 

selectivity, and finds out that it is effective in hydrocracking of butane, and this invention persons came to 
complete this invention based on this knowledge, as a result of repeating research wholeheartedly, in order 
to develop a catalyst with the practicality which made the synthetic smectite support, 
[0008] That is, this invention is a general formula. 8, a and (OH)2/[(Si02 )3 a+b] b-, and bX+ - (I) 
(M in a formula is Zn and Mg, Co, nickel, or X is a hydrogen ion or monovalent alkali ion.) the number of 
the ranges ofb[ a and ] 0<a<10 and 0< b<=l - it is - specific-surface-area 100-800m2/g expressed - The 
catalyst for butane hydrocracking which the synthetic smectite which has average pore diameter [ of 2-8nm 
] and pore volume 0.1-0.8cm3/g, and cation exchange capacity 0.1 - 1.2 milliequivalents / g is made to 
support platinum, and grows into it is offered. 



[0009] Hydrothermal reaction of the slurry which added and prepared the solution of the water-soluble salt 
of Mg, Co, nickel, or Zn in the solu^n containing a silicic-acid alkali-metal saU^d hydroxylation alkali 
when following this invention me^H|is carried out, and such a catalyst is a ge^^ formula. 8, a and 
(OH)2/[(Si02 )3 a+b] b-, and bX+^I) 

After preparing the synthetic smectite expressed with (M in a formula is Zn, Mg, Co, nickel, or X is a 
hydrogen ion or monovalent alkali ion, and a and b are the number of the ranges of 0< a<10 and 0< b<=l), 
infiltrating the solution of a platinum compound subsequently to this and drying, it can manufacture by 
carrying out a hydrogen reduction at the temperature of 300-700 degrees C. 
[0010] 

[Embodiments of the Invention] In this invention catalyst, the synthetic smectite which has composition of 
the aforementioned general formula (I) as support is used. M in this general formula (I) is monovalent alkali 
ion which is divalent-metal ion chosen from Mg, Co, nickel, and Zn, and originates in the silicate 
alkali-metal salt which independent ion is sufficient as this, and may be two or more sorts of mixed ion, and 
with which X is used again in the case of a hydrogen ion or manufacture, or hydroxylation alkali, for 
example, has alkali-metal ion, an ammonium ion, etc. like sodium ion, potassium ion, and a lithium ion. On 
the other hand, a and b are the number of the ranges of 0< a<10 and 0< b<=l, and change with the kind of 
raw material in the case of manufacture of a synthetic smectite, an operating rate, reaction conditions, etc. 
[0011] Next, in this invention, this synthetic smectite needs to have the character to which 0.1-0.8cm3/g 
and cation exchange capacity have 100 - 800 m<SUP>2/g and an average pore diameter in 2-8nm, and pore 
volume has specific surface area in the range of 0.1 - 1.2 milliequivalent / g. If these either deviates from 
the aforementioned range, the catalyst which has a desired performance will not be acquired. Especially as 
this synthetic smectite from fields, such as the activity of the catalyst acquired, and selectivity, that to which 
200-800m2/g and an average pore diameter have 0.15-0.8cm3/g and cation exchange capacity in 2-5nm, 
and pore volume has specific surface area in the range of 0.2 - 1.2 milliequivalent / g is suitable. 
[0012] In the catalyst of this invention, it is desirable to make the amount of platinum support into 0.1 - 5% 
of the weight of the range based on the catalyst whole quantity. If this amount of support of catalytic 
activity is insufficient at less than 0.1 % of the weight and exceeds 5 % of the weight, improvement in 
catalytic activity will seldom be accepted considering the amount, but it will become disadvantageous 
economically rather. As for fields, such as balance of catalytic activity and economical efficiency, to 
especially this amount of platinum support, it is advantageous that it is in 0.2 - 2% of the weight of the 
range. 

[0013] In order to manufacture a catalyst according to this invention method, the alkaline-water solution 
which contains the alkali-metal salt of a silicic acid like a sodium silicate first is prepared. Under the 
present circumstances, as a silicic-acid alkali-metal salt, conmiercial water glass of No. 1 or No. 4, a 
commercial meta-sodium silicate, etc. can be used, for example. Although this sodium silicate is dissolved 
in water and sodium-silicate content solution is prepared, if pH of this solution is in the predetermined 
range, it is not necessary to add especially alkaH. If pH is under a predetermined range, alkaline-water 
solutions, such as sodium-hydroxide solution, pptassium-hydroxide solution, and aqueous ammonia, will be 
added, and pH will be adjusted to the predetermined range. Although this pH is suitably selected 
corresponding to the pH value at the time of preparing the below-mentioned compound precipitate, it is 
usually eight or more. Moreover, although there is especially no limit about the concentration of a 
silicic-acid alkali-metal salt, it is usually chosen in 5 - 30% of the weight of the range. 
[0014] Thus, the solution which, subsequently to the prepared silicic-acid alkali-metal salt content 
alkaline-water solution, contains the water-soluble salt of magnesium, cobalt, nickel, or zinc is added, these 
metal salts - the use of a catalyst - responding - suitably — one sort — or although two or more sorts are 
chosen, especially magnesium salt, cobalt salt, and nickel salt are suitable Although there is especially no 
limit about the concentration of this metal salt, it is usually 10 - 50% of the weight of a range. 
[0015] Thus, mixture of the solution containing the water-soluble salt of the divalent metal of a silicic-acid 
alkali-metal salt content alkaline-water solution, magnesium, cobalt, nickel, or zinc forms compound 
precipitate. As a mixed method in this case, a silicic-acid alkali-metal salt content alkaline-water solution 
may be added into divalent-metal content solution, and divalent-metal content solution may be added into a 
silicic-acid alkali-metal salt content alkaline-water solution. What is necessary is just to choose the 
quantitative ratio of a sodium silicate and a divalent metal in the aforementioned general formula (I), so that 
the range of a may be fulfilled. 



[0016] Although the ranges of the pH value at the time of settling compound precipitate are generally 
5.5-13, desirable pH value is suitabl^hosen according to the kind of divalent m^l. For example, when a 
divalent metal is magnesium, in tl^^e of pH nine to 1 1 nickel, pH six to 1 1 fl^ is advantageous. 
Generally, a low and a divalent met^annot precipitate [ pH value ] easily, and if pH value is conversely 
high, the inclination for silicon to be eluted will be seen. 

[0017] Thus, after taking out the formed compound precipitate by well-known meanses, such as filtration, 
centrifugal separation, and a decantation, it is fully rinsed and removes the quality of the byproduction 
dissolution. Subsequently, hydrothermal reaction is carried out, after adding OH ion and preparing a slurry, 
if there is need. The pH value of this hydrothermal reaction time affects the property of the synthetic porous 
material to generate remarkably. For example, the inclination, as for pore volume, for pH value to become 
small by seeing the inclination for average pore size and pore volume to become large generally, and for 
cation exchange capacity to become small, and on the other hand pH value following a low case on 
becoming high, and for cation exchange capacity to become high is accepted. As this OH ion source of 
supply, a sodium hydroxide and a potassium hydroxide are used, for example. 

[0018] When the silicate skeleton which constitutes a synthetic porous material wears negative charge, it is 
thought that cation-exchange ability is discovered. The amount of skeleton negative charge corresponds to 
the value of b in the aforementioned general formula (I), therefore the size of cation exchange capacity 
corresponds. 

[0019] Thus, about 100-300 degrees C of hydrothermal reaction of the prepared slurry are usually 
preferably carried out at the temperature of the range of 100-200 degrees C using an autoclave etc. The 
inclination for hydrothermal reaction temperature to follow on becoming high, for cation exchange capacity 
to become high generally, and for specific surface area to become small conversely is accepted. 
[0020] After a hydrothermal-reaction end, dryness processing is carried out, after rinsing a resultant 
according to remaining as it is or the need, a dryer and a vacuum dryer with this common dryness 
processing - using - ordinary temperature or the temperature of about 200 degrees C - dehydration 
dryness - you may carry out ~ spray drying ~ or you may freeze-dry In this case, after fabricating the 
desired shape of a configuration, the shape of for example, a honeycomb, and a grain etc. beforehand if 
needed, you may carry out dryness processing. Moreover, it grinds after dryness if needed, it may be made 
granular and may use as support, and a synthetic powdered smectite may be fabricated the shape of a 
honeycomb, in the shape of a grain, etc., and you may use as support. Under the present circumstances, 
although especially a binder is not needed, a binder can be used by request. 

[0021] Next, platinum compound content solution is infiltrated into the support which consists of the 
synthetic smectite which is expressed with the aforementioned general formula (I) obtained by doing in this 
way, and has the aforementioned character, and it is made to adsorb a platinum precursor at this support. 
This platinum compound content solution may be acidity and neutral and alkaline any. Moreover, as a 
platinum compound, a chloroplatinic acid, a tetrapod amine dichloro platinum monohydrate, etc. are used 
preferably, for example. The amount of platinum support can be calculated by measuring the platinum 
concentration in the solution before and behind adsorption by atomic absorption analysis. 
[0022] Thus, the synthetic smectite support which adsorbed the platinum precursor is taken out by 
well-known meanses, such as filtration, centrifugal separation, and a decantation, fully, after rinsing, after 
carrying out dryness processing, activation of the hydrogen reduction is performed and carried out, and the 
desired catalyst for butane hydrocracking is acquired. Usually, activation by this hydrogen reduction is 
carried out in many cases within equipment, just before using as a catalyst. Generally, pouring hydrogen 
gas, it heats, a hydrogen reduction is performed and it is activated. The range of 200 degrees C or more of 
this hydrogen-reduction temperature is 300-700 degrees C preferably. 
[0023] Thus, a chemical analysis, an X diffraction, infrared-absorption-spectrum analysis, 
specific-surface-area measurement, pore-volume-distribution measurement, cation-exchange-capacity 
measurement, thermal analysis, a nuclear-magnetic-resonance analysis of a spectrum (NMR), 
electron-spin-resonance spectrum measurement (ESR), X-ray-photoelectron-spectroscopy analysis (ESCA), 
a temperature programmed desorption (TPD), X-ray absorption wide area continuation fine structure 
spectrum measurement (EXAFS), catalytic activity measurement, etc. can estimate the acquired catalyst. 
[0024] For example, the synthetic smectite in this invention catalyst can be easily checked by X diffraction 
measurement. When it measures using a copper-tube sphere and a nickel filter, and the same composition is 
amorphous, with a synthetic smectite, broadcloth diffraction is accepted 2theta=20 degree, 35 degrees, and 



near 60 degree to applying to 25 degrees from 2theta=20 degree, and a broadcloth diffraction line being 
obtained. Although these resemblej^ diffraction pattern of a natural smectite similar composition, 
they are grades as which do not u^^^ accept in this case to a vertical diffract^^ne (001 reflection) 
being clearly accepted by the layer in the case of a natural smectite, but weak and broadcloth diffraction is 
rarely accepted to be to 2theta=2 degree-6 degree, and are accepted to be the smectite Mr. matter of a low 
crystalline substance. This diffraction pattern is fundamentally held to the heating temperature of about 
700-800 degrees C. Moreover, the function as a porous body can be checked by the pore volume 
distribution called for from the specific surface area by nitrogen gas adsorption and pore volume 
measurement, or the nitrogen adsorption-and-desorption curve. 

[0025] Furthermore, the amount (H/Pt) of hydrogen adatoms per platinum 1 atom is usually used as a scale 
which investigates degree of dispersion of the platinum in this invention catalyst. This amount of hydrogen 
adatoms can be calculated by the temperature-programmed-desorption (TPD) method. For example, after 
carrying out a hydrogen reduction and carrying out activation at 400 degrees C, H/Pt can be calculated by 
making hydrogen stick to a catalyst sample for 20 minutes under a hydrogen air current at a room 
temperature, part [ for 30 degrees-C/of progranaming rates ] carrying out a temperature up to 400 degrees C, 
and subsequently to the bottom of 30ml argon air current for /, measuring the amount of hydrogen from 
which it is desorbed by the gas chromatography. 

[0026] Thus, in the case of for example, a platinum support silica gel catalyst, the value of obtained H/Pt is 
0.19, and it turns out to platinum distributing by the shape of a particle that the value of 1.23, 1.42, and 8.69 
is shown, respectively, and platinum is high-distributing by the shape of an atom with the platinum support 
Mg content catalyst, platinum support Co content catalyst, and platinum support nickel content catalyst 
which are a platinum support catalyst of this invention. Especially, with the platinum support nickel content 
catalyst, the unusually high H/Pt value is shown and it has suggested that the site which adsorbs hydrogen 
recognizes remarkable existence also to the nickel content composition porous material which is support. 
Anyway, with the platinum support catalyst of this invention, since platinum is supported by high 
distribution, catalytic activity is high and it excels also in selectivity. 
[0027] Such this iiivention catalyst can be used for the hydrocracking reaction of butane. 
CnH2n+2 (E) 

It may come out, and it is the saturation chain-hydrocarbon compound expressed, and n may be [ the thing 
to 30 may be used preferably and ] the hydrocarbon compound which this thing may be a straight chain-like 
normal-hydrocarbon compound, and has a side chain. As such a thing, although butane, a pentane, a 
hexane, a heptane, an octane, a cetane, an eicosane, etc. are mentioned, for example, especially normal 
butane is desirable. 

[0028] If a butane hydrocracking reaction is performed using normal butane, three kinds of reactions of the 
reaction which the reaction which changes to (1) isobutane, the reaction which decomposes in the center of 
(2) normal butane and ethane generates and (3) propanes, and methane generally generate will advance. 
[0029] When the hydrocracking reaction of this normal butane is carried out as a catalyst using the 1 % of 
the weight support catalyst of platinum of this invention and the 1 % of the weight support sihca gel 
catalyst of platinum which carried out activation at 400 degrees C, each catalyst performance comes to be 
shown below. In addition, activity will be high, so that an invert ratio is so high that catalytic activity is 
shown by reaction temperature and the invert ratio and reaction temperature is low at the same invert ratio 
at reaction-of-identity temperature. 

[0030] for example, with a platinum support silica gel catalyst (SiPC) As opposed to reaction temperature 
being [ an invert ratio ] 3.6% at 380 degrees C with the platinum support magnesium content catalyst 
(MgPC) of this invention An invert ratio with the reaction temperature of 380 degrees C with a platinum 
support cobalt content catalyst (CoPC), 36% With the reaction temperature of 300 degrees C, with 56% of 
invert ratios, and a platinum support nickel content catalyst (NiPC), an invert ratio is 57% in the reaction 
temperature of 220 degrees C, therefore the strength of catalytic activity serves as order of 
NiPC>CoPC>MgPC>SiPC. 

[0031] Moreover, a difference is not only in the strength of catalytic activity in this way, but a difference is 
accepted in selectivity. For example, in MgPC, generation of ethane is a main reaction to the generation 
reaction of an isobutane mainly being accepted in SiPC, and there are many amounts of generation of a 
propane and methane at CoPC and NiPC. Thus, the platinum support catalyst of this invention can control 
activity and the selectivity of a reaction by showing strong activity to the hydrocracking reaction to butane. 



and changing the kind of divalent metal which support is made to contain. 

[0032] ^ ^ 

[Effect of the Invention] this invei^B catalyst makes the support which consii^Pf the synthetic smectite 

which has a specific chemical composition and a specific character support platinum, has high activity and 

good selectivity to the hydrocracking reaction of butane, and can control catalytic activity and selectivity by 

moreover controlling the chemical composition of support. 

[0033] 

[Example] Next, although an example explains this invention to a detail further, this invention is not 
limited at all by these examples. 

[0034] After putting 200ml of water into the 1 11. beaker of examples and dissolving 86g (2:28 % of the 
weight of SiO(s), Na20:9 % of the weight, Si02/Na20 mole-ratio: 3. 22) of No. 3 water glass in this, 150ml 
of 2M sodium-hydroxide solution was added to the pan, and pH 13.8 mixed solution (A liquid) was 
prepared. On the other hand, 71.3g (a first class grade chemical, 98% of purity) of nickel chloride 6 
hydrates was added to 200ml of water, and pH 2.0 solution (B liquid) was prepared. Next, stirring A liquid, 
B liquid was dropped in 5 minutes into it, and it stirred for further 1 hour. Subsequently, after ****(ing) 
generated compound precipitate and fully rinsing, 20ml of water was added, and it considered as the shape 
of a slurry, and taught the autoclave of 11. of content volume, and hydrothermal reaction was performed on 
pressure 1.66MPa and conditions with a temperature of 200 degrees C for 2 hours. pH before and behind a 
reaction changed to 6.0 from 6.8. 

[0035] After taking out the resultant from the autoclave after cooling and drying at 80 degrees C, the 
particle size regulation was carried out to 32-60 meshes, and it considered as the support sample. As a 
result of a chemical analysis, this support has composition of 8 (Si02) (NiO)5.75(OH)4.04 (Na20) 0.07, 
and is considered to be equivalent to a= 5.75 and b= 0.21. Moreover, the specific surface area, the pore 
volume, and the average pore diameters which were obtained from the nitrogen amount of adsorption in 
-196 degrees C were 429m2/g, 0.38cm3/g, and 3.6nm, respectively. Furthermore, the cation exchange 
capacity of support was 0.20 milliequivalents /g. 

[0036] Next, 0.013 mols of tetrapod amine dichloro platinum monohydrates were dissolved in 11. of water, 
it adjusted to pH 12 using aqueous ammonia, and the solution with a concentration of 2.5 mgPt/ml was 
obtained. The dipping of the 20g of the aforementioned support was carried out to 80ml of this tetrapod 
amine dichloro platinum solution for three days, and the platinum precursor was made to adsorb. The 
amount of platinum support was 1 % of the weight. After filtering and washing, it returned at 400 degrees C 
under 35ml hydrogen air current for /after the 3-hour vacuum drying by 110 degrees C for 3 hours, and the 
platinum support catalyst of this invention was acquired. 

[0037] 0.2g of platinum support catalysts acquired in the example 1 was used using the example 2 
ordinary-pressure circulation formula reactor, the n^xed gas (capacity factor 1:6) of hydrogen and normal 
butane was supplied by part for 35ml/, and it was made to react with the constant temperature of the range 
of 190-220 degrees C. Analysis of generation gas was performed using gas-chromatography-measurement 
equipment. 

[0038] The invert ratio of a reaction was 57% at 33% and 220 degrees C in 210 degrees C 8% by 200 
degrees C 5% at the reaction temperature of 190 degrees C. Moreover, gas composition of the product in 
the case of 33% of invert ratios in 210 degrees C is methane 43% and ethane 12% and propane 43% and 
isobutane 2% on mol criteria, and it made it clear that the reaction which methane and a propane generate 
from normal butane tends to advance. 

[0039] In example 3 example 1, the platinum support catalyst was acquired like the example 1 except 
having changed the activation temperature under a hydrogen air current into 350 degrees C. Subsequently, 
when the hydrocracking reaction of normal butane was performed like the example 2 using this catalyst, the 
invert ratio in the reaction temperature of 210 degrees C was 12%, and gas composition of a product was 
propane 46% and isobutane 1% ethane 7% methane 46% on mol criteria. 

[0040] In example 4 example 1, the platinum support catalyst was acquired like the example 1 except 
having changed the activation temperature under a hydrogen air current into 500 degrees C. Subsequently, 
when the hydrocracking reaction of normal butane was performed like the example 2 using this catalyst, the 
invert ratio in the reaction temperature of 210 degrees C was 100%, and gas composition of a product was 
propane 41% and isobutane 0% ethane 18% methane 41% on mol criteria. 

[0041] The particle size regulation of the silica gel [Aldrich (Aldrich) make and tradename "DABUIRU 



(Davisil) 646] of example of comparison 1 marketing was carried out to 32-60 meshes, it used as support, 
and the silica gel catalyst which suj|^rted. 1 % of the weight of platinum like tlg||tample 1 was prepared. 
Next, hydrocracking of normal bu^Bwas performed like the example 2 with ^^^onstant temperature of 
the range of 320-380 degrees C using this catalyst. 

[0042] The invert ratio of a reaction was 3.6% at 3.2% and 380 degrees C in 360 degrees C 2.8% by 340 
degrees C 1.0% at the reaction temperature of 320 degrees C. Moreover, in the case of the reaction 
temperature of 320 degrees C, and 1% of invert ratios, on mol criteria, gas composition of a product was 
propane 11% and isobutane 59%, and was reactions with the main isomerization from normal butane to an 
isobutane ethane 19% methane 11%. 

[0043] After carrying out the dipping of the silica gel of 32-60 meshes 20g used in the example 1 of 
example of comparison 2 comparison to 71.6ml of 0.25M nickel nitrate solution and making water distill 
off under reduced pressure at about 57 degrees C, it dried at 100 degrees C for 1 hour, and the nickel 
precursor was made to support with the bottom of a vacuum. Subsequently, activation of this was carried 
out to the bottom of a hydrogen air current at 400 degrees C for 16 hours, and the nickel support catalyst 
was prepared. The amount of nickel support was 5 % of the weight. 

[0044] Next, hydrocracking of normal butane was performed like the example 2 with the constant 
temperature of the range of 220-245 degrees C using this catalyst. The invert ratio of a reaction was 38% at 
30% and 245 degrees C in 240 degrees C 6% by 230 degrees C 3% at the reaction temperature of 220 
degrees C. 

[0045] In the case of 210-degree C reaction temperature, the generation gas composition when adjusting the 
amount of catalysts and a reaction condition and making it 10% of invert ratios was propane 47% and 
isobutane 0% ethane 6% mettiane 47% on mol criteria. Moreover, when reaction temperature was raised to 
230 degrees C, it became propane 36% and isobutane 0% ethane 28% methane 36% on mol criteria, and the 
inclination which the amount of generation of ethane increases was shown. 

[0046] The platinum-nickel support catalyst which made 1 % of the weight of platinum support like an 
example 1 was prepared using as support the 5 % of the weight support catalyst of nickel acquired in the 
example 2 of example of comparison 3 comparison. Next, hydrocracking of normal butane was performed 
like the example 2 with the constant temperature of the range of 235-260 degrees C using this catalyst. The 
invert ratio of a reaction is [ in the reaction temperature of 235 degrees C ] 55% at 20% and 260 degrees C 
in 11% and 250 degrees C by 6% and 245 degrees C at 3.5% and 240 degrees C, and activity fell from the 5 
% of the weight support catalyst of nickel of the example 2 of comparison. 

[0047] In example 5 example 1, the platinum support catalyst was prepared like the example 1 except 
having made raw material **** into 86g of No. 3 water glass, 150ml of 2M sodium-hydroxide solution, 
and 71.4g (first class grade chemical) of cobalt chloride 6 hydrates. pH before and behind hydrothermal 
reaction changed to 6.1 from 6.9. Moreover, the chemical composition of the obtained support is 8 (Si02) 
(CoO)5.98(OH)4.13 (Na20) 0.11, and is equivalent to a= 5.98 and b= 0.14. The specific surface area of 
this support was [ 0.34cm3/g and the average pore size of 380m2/g and pore volume ] 3.6nm, and cation 
exchange capacity was 0.14 milliequivalents /g. Furthermore, 1 % of the weight and the activation 
temperature of the amount of platinum support were 400 degrees C. 

[0048] Hydrocracking of normal butane was carried out like the example 2 with the constant temperature of 
the range of 250-300 degrees C using this catalyst. The invert ratio of a reaction was 56% at 18% and 300 
degrees C in 280 degrees C 12% by 265 degrees C 2.3% at the reaction temperature of 250 degrees C. 
When the amount of catalysts and a reaction condition were adjusted and it was made the reaction 
temperature of 240 degrees C, and 10% of invert ratios, gas composition of a product was propane 38% and 
isobutane 3% ethane 21% methane 38% on mol criteria. 

[0049] In example 6 example 1, the platinum support catalyst was prepared like the example 1 except 
having made raw material **** into 86g of No. 3 water glass, 190ml of 2M sodium-hydroxide solution, 
and 71.4g (first class grade chemical) of cobalt chloride 6 hydrates. pH before and behind hydrothermal 
reaction changed to 9.0 from 9.4. Moreover, the chemical composition of the obtained support is 8 (Si02) 
(CoO)6.34(OH)4.91 (Na20) 0.42, and is equivalent to a= 6.34 and b= 0.68. The specific surface area of 
this support was [ 0.16cm3/g and the average pore size of 202m2/g and pore volume ] 3.2nm, and cation 
exchange capacity was 0.68 milliequivalents /g. Furthermore, 1 % of the weight and the activation 
temperature of the amount of platinum support were 400 degrees C. 

[0050] Hydrocracking of normal butane was carried out like the example 2 with the constant temperature of 



the range of 250-290 degrees C using this catalyst. The invert ratio of a reaction is [ in the reaction 
temperature of 250 degrees C ] 48^1 29% and 290 degrees C in 15% and 28^fcpees C by 8% and 270 
degrees C at 3,7% and 260 degree^^nd showed activity higher than the cata^^Lcquired in the example 
5. ^ 

[0051] In example 7 example 1, the platinum support catalyst was prepared like the example 1 except 

having made raw material **** into 60.99g (first class grade chemical) of 86g [ of No. 3 water glass ], 
150ml [ of 2M sodium-hydroxide solution ], and magnesium chloride 6 monohydrates. pH before and 
behind hydrothermal reaction changed to 9.3 from 10.1. Moreover, the chemical composition of the 
obtained support is 8 (Si02) (MgO)6.13(OH)4.34 (Na20) 0.19, and is equivalent to a= 6.13 and b= 0.25. 
The specific surface area of this support was [ 0.40cm3/g and the average pore size of 485m2/g and pore 
volume ] 3.3nm, and cation exchange capacity was 0.28 milliequivalents /g. Furthermore, 1 % of the weight 
and the activation temperature of the amount of platinum support were 400 degrees C. 
[0052] Hydrocracking of normal butane was carried out like the example 2 with the constant temperature of 
the range of 280-400 degrees C using this catalyst. It turns out that activity with the invert ratio of a reaction 
higher than the platinum support silica gel catalyst which is [ in the reaction temperature of 280 degrees C ] 
49% at 15% and 400 degrees C in 6% and 350 degrees C by 4% and 320 degrees C at 1.5% and 300 
degrees C, and was acquired in the example 1 of comparison is shown. 

[0053] Comparison of the decomposition temperature in the same invert ratio in the hydrocracking reaction 
of normal butane is shown in Table 1 about the platinum support silica gel catalyst of the example 1 of 
comparison which carried out hydrogen-reduction activation to four sorts of platinum support catalysts of 
this invention which carried out hydrogen-reduction activation at 400 degrees C at 400 degrees C. 
[0054] 
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[0055] Table 1 shows that this invention catalyst excels considerably the platinum support silica gel catalyst 
of the example 1 of comparison in catalytic activity. Moreover, although this invention catalyst discovers a 
catalyst function with the supported platinum, it is dependent on the chemical composition of the synthetic 
smectite used as support, and the activity is understood that activity is high in order of nickel>Co>Mg as a 
divalent metal. From this, it is thought that the catalyst design corresponding to the use is possible. 
[0056] Next, the selectivity in the hydrocracking reaction of normal butane is shown in Table 2 about the 
catalyst of this invention, and the catalyst of the examples 1 and 2 of comparison. 
[0057] 
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[0058] As shown in Table 2, the product distribution of this invention catalyst shows composition near the 
5-% of the weight nickel support silica gel catalyst which is a catalyst of the example 2 of comparison. 
Namely, as for this invention catalyst of the example 1 which contains nickel in support, it turns out that it 
is the almost same composition as the result of 210 degrees C of the catalyst of the example 2 of 



comparison, and the reaction which methane and a propane generate occurs from normal butane 
preferentially at the reaction temp^^re of 180 degrees C, and 200 degrees C.^^the other hand, it turns 
out that the product distribution o^B invention catalyst of the example 5 whi^^ontains cobalt in support 
resembles well the value in 230 degrees C of the catalyst of the example 2 of comparison, and the reaction 
which the ethane other than the reaction which methane and a propane generate generates further is 
increasing. Moreover, with this invention catalyst of the example 7 which contains magnesium in support, 
it turns out that the reaction which ethane generates occurs preferentially and the isomerization which the 
reaction which methane and a propane generate to it, and an isobutane generate accompanies. Although the 
isomerization which an isobutane generates occurs preferentially with the catalyst of the example 1 of 
comparison, since the invert ratio is low, it is thought that utilization is difficult. It is shown that the 
selectivity of a reaction is controllable by this invention catalyst by making the chemical composition in 
support turn strangely, and it is very useful so that these results may show. 
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CLAIMS 



[Claim(s)] 

[Claim 1] 8, a and (OH)2/general formula [(Si02 )3 a+b] b-, and bX+ (M in a formula - Mg -) Co, nickel, 
or Zn and X are a hydrogen ion or monovalent alkali ion. the number of the ranges ofb[ a and ] 0<a<10 and 
0< b<=:l — it is — specific-surface-area 100-800m2/g expressed — The catalyst for butane hydrocracking 
which the synthetic smectite which has average pore diameter [ of 2-'8nm ] and pore volume 0.1-0.8cm3/g, 
and cation exchange capacity 0.1-1.2 miUiequivalents / g is made to support platinum, and grows into it. 
[Claim 2] In the solution containing a silicic-acid alkali-metal salt and hydroxylation alkali, Mg, Co, 
hydrothermal reaction of the slurry which added and prepared the solution of the water-soluble salt of 
nickel or Zn is carried out — making — 8, a and (OH)2/general formula [(Si02 )3 a+b] b-, and bX+ (M in a 
formula — Mg — ) Co, nickel, or Zn and X are a hydrogen ion or monovalent alkali ion. The synthetic 
smectite expressed is prepared, the number of the ranges ofb[ a and ] 0<a<10 and 0< b<=l — it is — 
Subsequently, the manufacture method of the catalyst for butane hydrocracking according to claim 1 
characterized by carrying out a hydrogen reduction at the temperature of 300-700 degrees C after 
infiltrating the solution of a platinum compound into this and drying. 

[Claim 3] The decomposition method of the butane characterized by contacting butane in hydrogen in 
180-400 degrees C under existence of a catalyst according to claim 1. 
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•frst. iJCV^T. C:fLS:7KS^.dET{=4 0 OrT'l 6^^ 

'm.'ksm\^x=--;'r)vmimk^wmuz. --^tiv 
msmt^m^xx-h-^fz. 
[oo44]iJ:tc. ^vymk^^w 220^245^ 

2 0X:T-3%, 2 3 0°CT6%. 24 O'CTS 0%&l/^ 
24 5'CT'3 8%T*>-5!t, 

[0045] M^a^atE^ff ^ifflSLTiig^i:* 1 0% 

^:yt-»fp<:5'>-4 7%. roAy4 

ixm/^vf^yoxx-h-yti. tti. KjEias^2 

3 OT:t:±tf ^;pa5t-C'^:?y3 6%. X:? 
y28%. ro>'N°>-36%at^-f V7"^'yO%i:^0. 

[0046] mms 

mm 2 x-nwz- -y yfUdmMxmmmmwt 
txm\ mmitmm^ztxB^iMAxmn^ 
^z&^--'yyjmmm^mmtt:. mz. zm 

«S-fflV\ 2 3 5~2 6 0'C<?)®HO-SiagTV;l'-7 

j\^r:^yco7iimit^immm2 tmrnizix^^tz. 

RlS<7)mimi. RJ5aS2 3 5*C-C3 . 5%. 24 0 
*Cf6%, 245rx-ll%. 2 5 0*C'C2 0%&tX2 
6 0*CT5 5%T'fcO. imm2<7)=i-yir)l'5M&%m 

[004 7] 51*6015 

2 M^Sft-f h 'J -^A*^ 15 0ml RX/mt^^</U 

hys^iimi (-^WM) 7 1 . 4stifzPMit. mm 
mitmmizLx. &mmmt:mmLti, mm 

(Si02)8 (CoO)5.98 (OH)4.i3 (NajO) 



^^^"^9-2 67 038 

0. 11 

X'h^. a = 5. 9S.m/h = 0. \A\.zn^^-fh. Z 
Offlfi|j<7)Jt^ffia[{i;3 8 0m2/g. SfflfL^tiO. 3 
Acra^/zm^mmmtS. 6nm-CJ>0, l»>f 
5fy3ae«M(iO. 14 5'J^^«/gT'J)oyt:, 

a^fflj^fiti isft%&i^iStt'fbjag{i4 0 o-cT' 

[0048] Z<nmk^m\ 2 5 0—3 0 Or^OUffl 

c^-S^Ty;l--7;P7'^>iO*«^b^jS5rllSfie!l2 b 

mm.\,zLxmLLfz. ^mcn^mtmi. raEiag2 5o 

X;T2. 3%. 265'CT12%. 2801CT'18%& 
i;3 0 0'CT-5 6%t'J)oy'^. M«E«^R{S^tt$:iBS 
LT. Rf&iaS2 4 0r. te'fl:$l 0%{cL/v:*^. 4 
^l^cOXfXffl^ti. =i:ivm^X'^9y3S%. x^'y2 
1%. 7'n>'N-y3 8%ai^>fvr^'>'3%Tftn)^^. 
[0049] IIM^J6 

mmnzio\>^x.w.P,mh^. 3-t*;y7>^86g. 

2 MTk^-ffc-t h U -^AtK^ 19 0ml ai^Jgfl:^/-?;!^ 

bATKW^l!! (-SS^) 7 1 . 4 gt LfcfilWi. 

m^<0pH{±9. 4*>^>9. 0\,Z^i\LLt:. ttz.%h 

(Si02)8 (COO)6.34 (OH)4.9i (NajO) 
0. 42 

X'M. a = 6. 34atXb = 0. 68fcffll-fl.. CI 

cnmW^Ymwmi 2 0 2 in2 / g . SfflfL^aii; 0 . 1 
6cmVg&y^¥i^»L@Ci3. 2nniT'S)^), 
Jr>-X^*i0. 68SU3»/g-C'S)ofc. 

a^aj#*4 1 fi*%aix?stt'fbast44 o orr 

[0050] C:cOfi«KSrfflV\ 2 5 0~2 9 O'COlgffl 

(r^^mx/)v-7)v:fif>ffi^m\mm^mm2 1 
nmizLxm^tt:. ^(D^imit. mm.250 

XIX'S. 7%. 2 6 0'CT8%. 2 7 0'CT'15%. 2 
8 O'CT'2 9%&l^2 9 0'CT4 8%X'h 0 . IUSt0lJ5 

[OO5 1]SIS601J7 

mmmiizti^^x. sr-Mte^^. 3-t*;{f7^8 6g. 
2 Mymiti- h V 'yj^Tmm 1 5 o m i ai^ig^bv^^T-. 

(-aaai) 6 0. 9 9 g t i^ma. 
mmmitmm^ztx. &^immmt:mmLtz. 
^mmpmno. i*^4>9. siz^ituz, t 

(Si02)8 (MgO)6.13 (OH)4.34 (NazO) 
0. 19 

•C'J>0. a = 6. 13&y^b = 0. 2 5lcffiS-r2,. Z 
<7Mii^immi4 8 5mi/g^ iNB?L^{i0. 4 
0cni3/gSlfJFi«,g{i3. SnmX'h'O. 
^^39^^*40. 2 8SUS*/gT'$>-5f^. $4. 

t . a^Kfitt 1 mR%Rx/mmi^ii. 4 o o r t 



(7) 
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[0052] ^:^0«^fflV^. 2 8 0~4 0 O'CtfOlSH 

•CT'l. 5%. 3 0 0'Ct'4%. 3 2 0°CT'6%. 3 5 
0X:f 1 5%St^4 0 0X;T'4 9%T'J> 0. Jtfi^J IT 

[00531^1 {c. 400 'cx'ymmix^mmM l 

^.:WJ<oe^ffl1f*i4ai: 4 0 0*CT'*l^ji7cStt 
[0054] 

[^1] 





fiE ® 
S IS 


lE^b* («) 


3. 6 


1 0 


3 0 




Hjfi^ 1 


18 8 


2 0 1 


230 




2 5 2 


2 6 1 


286 




2 4 9 


2 5 9 


2 8 0 




2 9 7 


3 33 


372 




3 8 0 







[ 0 0 5 5 ] « 1 *^<^ . i^wmmi. m.m i m± 
'^xmmmim.thifi. ^<r>m.imwttxm\^ 

JRtLt. N i>Co>Mg<7))it:ffi'tt*^>-^c:fc*% 

[0056] mz. :^mcr)mmimm i. 2cr,m 
iiicoi^T . ycoTiim^it-i^mmziHih 
m.'eii:m2iz^, 

[0057] 
[|S2] 



CO 










(t:) 














1 8 0 


1 0 


46 


6 


4 6 


2 




20 0 


1 0 


4 7 


4 


4 7 


2 




240 


1 0 


33 


2 1 


38 


3 




320 


1 0 


18 


50 


1 8 


1 4 




320 


1 


1 1 


1 9 


1 1 


59 




2 10 


1 0 


4 7 


6 


4 7 


0 


28 




23 0 


1 0 


36 


36 


0 



[0058] m2i3->(>M'h i. 0 :^mmco^ 
mma. mm 2 ct)*!!^^?)!. smmx- •/ y^i^tajt 

•y y;H:-^*^«.IISS0« 1 iO^l^aBMjlltiRieajg 1 8 
O'Cat/2 0 0'CT1i:JtSf^j2c7)MiS?<7)2 1 O'COjSm 

^' y i: TO Ay*i^1--SRiS*mW(ce>r IZtiJ^ 
t>i)^l, -^r. ffl<4c(ftayN';Ph&-^*-tSIISSt«J5<0 

*i6BHi«i^:fe«!|%^^Bt±. mm2(Dfm(^2 s o-c 



MCT7<0*f&HBI3!l!jiT«x^yA>'^-rSRl5*^W 
izmt. ^tnz;<i}fytru^-<yifi^-riKiliRx/^ 

(TymiR^^mrnx't^zb^Tikt. mx^m-h^. 



(51) Int. ci. 6 iss'iE-t Fi mmmm 

C0 7C 9/06 6958 -4H C07C 9/06 

9/08 6958-4H 9/08 

9/12 6958-4H 9/12 



(8) ^Wm^9-267038 



